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Introduction

Exciting time now at CDF !
frenzy activity in physics analysis

several different physics
groups

Top quark _
W/Z physics High P+

Exotics

Cross sections for various physics processes vary over

many orders of magnitude:

processes of interest are often buried under heavy background
need good rejection factors, selection and analysis strategies

Optimize event selections for SM physics and

new physics as in both cases the composition
of the samples are important

V'd \
Common datasets

Common identification/reconstruction cuts

~ SUSY and Background Cross-Sections
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Outline of the talk

= CDF 1II detector and current datasets size

= Physics Objects, Signatures and Results
= Leptons-only final states (and

4/1/04

Z production
Drell-Yan studies
dilepton searches

and Photons
W production
Multibosons
excited electrons
GMSB in diphoton + E/T

Leptoquarks
Top

Higgs
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Run II Luminosity

Tevatron has delivered
N430 pb_l 15.00
We have ~350pb-! on tape. y;

Collider Run Il Integrated Luminosity

[
=
L)

Analyses presented here are
using from72 pb-! to 240 pb-
1 of data

(2=
=
=

(=2}
=
=

Error on luminosity is £6%

Weekly Integrated Luminosity i,'pb"]

= 1.6% due to CLC systematic error on 3.00 -
CLC rate
= 4.0% due to CLC acceptance sys
- 3'80/0 due tO “mlted by W 5 14 25 35 45 . a5 5 78 25 g5 B III[ZIﬁ I'I.S 124 l”'IHHI;”"‘ILLE- 155
knowledge of pp inelastic cross : ) ’
; Week #
section. (Week 1 starts 03/05/01)

= Veekly Integrated Luminosity —e— Run Integrated LIJMiﬂOSiN‘
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CDF Run II Detector

Central Calorimeter (E/H)

Wall Calorimeter (H) ‘
g %

Plug Calorimeter (E M)

From Run |[:

«Solenoid

eCentral muon system
eCentral calorimeter

Forward Muqn

.

o —— 1

Forward Calorimeter (E) \\I"-_
4, % /
Luminosi ty Monito
Time of Flight
° entral Quter Tracker
NeW For Run I I ] Silicon Vertex Detector
Intermediate Silicon

eFront-end DAQ

eTrigger
Track (L1) and Displaced Track (L2)
«Silicon Tracker (8 Layers) ([n| < 2.0)
«Central Outer Tracker (|n| < 1.0)
Plug Calorimeters (1.0 < n| < 3.6)
«Extended Muon Coverage (|| < 1.5, gaps filled in)
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Electrons & Muons

Central electron:
A track pointing to an EM

calorimeter cluster
m| < 1.0

‘Loose’ muon:

An isolated track
pointing to a gap i
the muon coverage
m| < 1.0

Plug electron:
EM calorimeter cluster
(silicon, COT hits may
be attached)
1.0 < n| <

‘Tight’ Muon:
isolated track pointiRg
to a muon ‘stub’
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Inclusive Z cross section

A Full Acceptance
0500
> [« Z->ee DATA (4242)
0400 HZ—ee MC CDF Run Il Preliminary “o . Central-Central
a ¥ > 180:
5300__ L dt=72.0pb g © e Zsuu DATA (1371) l
: S 160 | :
g q [ |7 wmuMC CDF Run Il Prelimihary
2001 =140 } :
C : _[ Ldt=72.0pb"
100 1 20: r
- 100 *
910 50 60 70 80 90,100 110 120 130 80: *
M,. (GeV/c") _
60 *
40 }
Very low backgrounds (QUD. Z—TT. cosmics) © < 1% 20 ++_* +
lmportant systematics : PDEs, Material Descriptions

0 50 60 70 80 90,100 110 120 130

M, (GeV/c)

Extended measurements

oxBR(Z—ee) = 255.2 +3.9(stat) + 5.5 (sys) = 15.3(lum) pb of cross section are
oxBR(Z—pp) = 248.9 +5.9(stat) *70_, (sys) = 14.9(lum) pb -> vl el
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Drell-Yan Measurements

CDF Run Il Preliminary

J Ldt =720 pb"

|
Evis./GeV/c

angle between 6
p and e-

-

e-
_0(cosf >0)-0(cos <0)
o(cosO >0)+o(cosO <0)

Ap

[a1] - ) 5 i 15 20 25 30 3IF 4D
qu. 1 - CDF Run Il Preliminary * p, (GeVic)
0.8 .[L=72pb'1
0.6 , # Production properties : eventually feed
04F | ‘ Into precision measurements (M)
0.2
C * T . .
0 Z"‘,{,a;dl’it,;,fde?? || ¥ |M<3.0 : using full detector n.:-;wct'agcﬁ
0.2 I e alculstions > # extract quark. lepton couplings & sin™0
- |
0.4~ ! Statistical # sensitive to new physics
06 . . . Total .
40 60 100 200 300 600

M. (GeV)
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Searches in dileptons

G-BriZ'— ee) (ph)

@

T
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CDF Run Il Preliminary (1?3pb )

10

10 §

210°
o
el (12
w
-1 c I
CDF Run Il Preliminary (200 pb ) @ 10
=
i
a-BriZ'— 1) limit (95% C.L.) 1
o-Br{Z'— 1) LOx1.3
570 GeV (Z,) ; 10™
610 GeY (Z,)

Jj
1O

(£ SM coupling)) seaded Si1

100 2(}0

Forward

= SM prediction
B aco dijets

[ ] tau-tau, ww, Wz, 2z,
tt, W+jets

Mo

300 400 500 600 700
(GeV)

a*e

electrons :
1.2 <In|<2.5

750 GeV Calorimeter

4/1/04

400 60
Z’ mass (GeV/c™)

800 tracking

»
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Searches in dileptons ( cont'd)

CDF Run 11 Preliminary (200 pb ')
Little Higgs 10 MR — |
~——] O BHZ, > ee) LOXL3 - 10 CDF lRun 11 Prc‘llmmary (2.00 pb )
—— G-Bi(Z'— ee) limit (95% C.L.)
1 b O-Br{pqap— ee) LOx1.3
) MPM® - 100 Gev
& 1F n =M, - eV |
Calculate the acceptances for |5 = S
] 7 10} 2 [echnicolor
resonant states for 3 different |3 - 7
E .
‘ tion (0,1,2 ° x |
spin assumption (0, |, ol 5 /
©
2| My =400GeV
1o M, = 300 Ge ]
SU SY 10° , . M =200 Ge
400 600 5 800 10'3 L L .
1
103 u1|1 e 1m1n‘ary ( Vp ./T/ H PG mass (GeVic %
———— o Bri¥’,— ee) limit (95%C.
2 NLO oBrii— el
10 F Choudhu ry, Majhi an =
10° CDF Run 11 Preliminary (200 pb ) /
_ 10 f —— G-Bi(G—eo) limit(95% C.L) < . .
'.é, & Br(G—sec) PYTHIAXL3 3 EXtra = DI m e n S I O n S
’73‘ 1 10 Randall-Sundrum Model
T 3 3 / |
Z 10 4 ® Randall-Sundrum graviton model
’2 S T 10t 4-dimensional metric multiplied by warp factor
10 g2 exponentially changing with the additional dimension
\ @ Generating a large hierarchy does not require a large r,
107 10-3 L
The coupling of individual KK states to matter is set by
10" : : : the weak scale (parameters : M and k/M; )
200 400 600 800 10° L ‘ . KK states can be observed as spin 2 resonances
V mass (GeV/ic ) 200 400 600, 800
Graviton mass (GeV/c )
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Searches in dileptons (cont'd)

1

il

y

e

B
&

_CDF RUN Il Preliminary (200 pb_")

“ ] e Dala CDF Run Il Preliminary
> 0 A " CDF run Luminosity (pb=1) | Mz g590.1 (GeV/c?)
O B QCD+cosmics Run IA 18.8 440

2 : Run IB 88.6 575

£ Run lIA (summer '02) 16 275

S Run IIA (winter'03) | 72.0(56.0 for CMX) 455

u Run llA (summer’03) | 126 (110 for CMX) 585

CDF run Luminosity (pb™") | Mg os594c.1 (GeV/c?)
(k/Mpl =0.1)
Run llA (summer '02) 16 255
Run llA (winter'03) | 72.0 (56.0 for CMX) 370
102 Run IIA (summer '03) | 126 (110 for CMX) 475
100 200 300 400 500 600 700 800
Dimuoh Mass (GeV/c %)
0 400 CDE RUI"J ] Eralirflinat:y (ZI?D pt?")
I [Ep— Model Mass Limit at 95%C.L (GeV/c2)
Sam - Run I | Run Il (summer '03) | Run Il (winter '04)
; Zsm | 590 585 In progress
cos— — 2 (e —eref) Z, | 495 465 Prog
M/ M? + P} 200 Zy | 500 455
150 Z’n 520 495
100 Z7 480 425
GIZI IZI‘.1 0.2 IJ.‘Q EI.‘4 015 0.6 EI.I? EI.IB |IZI.B.E”‘I
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Search for doubly charged Higgs

Number of Events/10 GeV

[ /)\
) wiss

C

7

B

»

Doubly charged Higgs are members of Higgs triplets occurring in several types of models

e extensions of the Higgs sector of the SM
e |left-right symmetric models
e SUSY left-right symmetric models

At the TeVatron doubly charged Higgs can
be paired-produced ( Z exchange) or
singly produced ( WW fusion)

0

4/1/04

Background to same-sign ep Same Sign |eptons signature
5 Jets
A Wadets Very small background!
[ Jwz
Decay Channels # predicted Evts
0.8
ee *
1.8_% g
+0.
i 0.8_82
+0.
B} —1 eu .
50 100 150 20|0 250 O =0.4
Mass (GeV)
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Cross sectionx BR

0.05

CDF Run 2 Preliminary
L ~ 240 pb’

CDF Run 2 Preliminary

]
2

_ Coupling (h,)
g

g
L3, OPAL Excluded /
g
F CDF Excluded

L
10 160 180
H* Mass (GeV)

*, Theory (L)

_“K |

Theory ( R) --------------

90 100 110 120 130 140 150
H™ Mass (GeV)
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Photons & Neutrinos

Neutrinos:
Large Missing Enexgy
(Only Transverse: E

EM Calorimeter
cluster with no

4/1/04 Simona Rolli, Fermilab W&C seminar 14



Inclusive W cross section

Control of background

Transverse Mass - W—ev

3000

) CDF Ryn I Preliminary, 7|2pb'1

2500

20004

Events / 2 GeV/c?

1500,

1000

500

e 37584 W — e v Candidates

J sum

DW%EVMC

[ eleh)
O w-rtvMC
Zly >eeMC

O
20

40 60 80 100

S

T 120 140
M, (GeV/c?)

I
v

Missing Transverse Energy

S 9000 CDF Run Il Preliminary, 72pb’
[} e 37584 W — e v Candidates
O sgooo] & O Sum
g. Ow->evMC
% 7000/ CJaco
° Ow-—-rtvMC
I.E 6000 Zly' > eeMC

5000] 5; > 25 GeV

4000]

3000/

2000;

1000}

OL-‘-—'—-—-—-—f

0 20 40 60 30 100

E; (GeV)

Transverse Mass - W—uv

_CDF Runll Preliminary, 72pb’

NU 2200_ - e 31722 Wospv Candid ales|
> 2000 y s
3 ] W—pw MG
~ 18(11, Z-‘)"aj,lp MC
~— N Wty MC
1600 d
2 i ¥ D ach
o 1400
=3 N
W 4200
1000
800-
600-
400

o-BR(pp =W —ev)=2782+14(stat)

+61
-56

(syst) =£167(lum) pb

o-BR(pp =W — uv)=2772 £16(stat)

+64
-60

(syst) +166(lum) pb

Backgrounds (QCD. W—1tv, Z cosmics) : 6% (e), 11% ().

Important systematics : PDF’s. Energy Scales, Material Description

4/1/04
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Following the same strategy
pursued in the |n| <1 region,

Inclusive W cross section (cont'd)

.ﬂ
1.3

S
v \)
)

EM cluster is matched to a 3D

full tracking is used in the

track reconstructed using the

forward region

«Two 3-D hits & vertex seed

silicon track (SISA)
*Ol seeded by COT hits
Tracking Efficiency | *IO attaches COT hits to SISA
~ D.8F
o \ x Combined
~ 0.7 ¥ o Ol
e - )
S 0.6f —x— o SiSA
s b U
£ 05 e
o o O
£ 04l *T* 5
";:‘ 0.3 ’ B
= F
0.2
01/ )
ot bw —md T —® | A‘
1 12 14 16 138 2

o x BR(WW—ev) =

4/1/04

Events/2.5GeV/c?

2874 = 34 (stat) =

Silicon detector only in the
region1 < |n| < 2.8

o0g F— CDF Runll Preliminary e  sData Electrons 1.1¢|n|<2.3|
J‘ L dt = 64 pb” 10461 W —» e v Candidates
800 [Jsum
700 Mar 2002 Jan 2003
W ev(MC)
600 [ Jaco Bkg
500 [ Jw > <vme)

400

300

200

100

[ Jziv > ee mcy

0 TR 50 100" ﬂwmlﬁcp
167 (sys) = 172 (lumi) pb
16
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Summary and X-Sections Ratio

o)
g
—
an)
é oxXBr(W—lv)
1
oxBr(Z—I"T) 4 CDFTI (plug c)
10 L % CDF (630) E CDF 11 (e + 1)
NLO theory curves. T
Martin, Roberts, Stirling, Thorne % UAT (u) I CDF1(e)
¢ UA2(e) $ DOT(e)
0.4' | '0.|6' | IOI.SI o ll - IITZ' | '114I | I1{6l | IlISI o é |
Ecm (TeV)
g o Bripp—=W —=f)  o(pp =) ) [z ) Ty (fv) R, = 1086 + 0.1855) £ 0.16(5s)
a-Brlpp=Z =00y alpp=2) Tgz(ftl-) Ty R, = 1.10= 027 gtat) + 0. 1 gyt
The combined ratio is precise at 1.8% independent on the luminosity F = 10.M4+018 etat) + 0.13(3... n
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Di-boson Signals

Alchannel Byt-channel

A) u-channel B) t-channel
q W Y q W W g s ¥ 9 ———tnnrmnns 7
@ ANNY @ ANNT
] ——— s T e ¥

C) Lnner Bremsstrahlung

C) s-channel

Triple Boson ]
Coupling

W

q ! [Non SM!
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Wy and Z vy

M. (ly,v) (GeV/c?

CDF Run 2 Preliminary 202 /pb

180 ——— AL A B R
1601 A | ] ISR
140[- : : 1
1201 | . WWy
100 - 4
o0 ¥
60:— - Wy—=lvyMC _:
40 . s+ 253 Candidates (I) | SR
__I I 1 1 1 I | 1 1 | | 1 1 | 1 | 1 | 1 | 1 | I__ N’-\ CDF Runzpreliminary 202/pb
40 60 80 100 120 140 Q 20T T T
M.(, v)(GeV/c?) 220 | -
__(D__zuu’— ' _ :
?'180,_
:1su;—
2140;—
= 120

/2]

su;—/v ;'_"ff-':--- , X ;
— g + 35 Zy— upyevents q /-
q o 40;* « 34 Zy—eey evenf _>‘7q
208 Zysiymc 3 |7 /-
->I\;Y<< %20 40 60 80 1uu1zu14u1su1suzuuzéuz4u
' M (1) (GeVie )
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Wy

it First select W—Iv events : o(Wy)xBR(W—lv) = 19.7
= Electrons : E =25 GeV: missing—E =235 GeV
! = + 1.7 (stat) = 2.0 (sys)
= Muons : E =20 GeV: missing—F =20 GeV + 1.1 (lumi) pb

i Then look for additional photons :
- I.,l{plmmn ) =7 GeV
- |n"f| < 1.1
= AR(Ly) =

For E(y) > 7 GeV and AR(l, y) > 0.7:
o(Wy)xBR(W—lv) (Theory) =193 1.4

CDF Run 2 Preliminary 202 /pb

> T 1T | T 1T | rTrr7Trrr T T T T T T T T T TTTT CDF Run 2 PrEIiminary 202 fpb
8 B il @ data 259 events - gTn:|||||||||||||||||||.|||d|al|a|2|5|ée|\;e|n|t;|—_
107 O Wy—»hyMC+BG s F ;
TOF 0 QCD+2Zy+tvy * 2 [ Wy— vy MC+BG |
0 C ] e — 5
2 I Bad O zy+tvy ] 2 sn: O QCP+Z + vy
s [ B o i data well g 0 zr+w
& - described over | 9 %% |
w10 - described over = ]
o c 3 " - _
5 . all photon I s & *0r =
a | ] I 2 + .
E 1 and separations E 30 + -
Z 1L 4 Z ]
: ] + 20 =
= .
1040 20 3|0I - I4|0I = |5|0| I Islol = I?o I\EI L li' P S I A A |E
Photon E ;. (GeV) 0 1 2 3 4 5 6 7
AR(, )
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Ly

CDF Run 2 Preliminary 202/p

o(Zy)xBR(Z—11) =5.3

+ (.6 (stat) = 0.4 (sys)
+ (0.3 (lumi) pb

# B9 candidates

NeventJo 3

For E(y) > 7 GeV and AR(, y) > 0.7:
0(Zy)xBR(Z—11) (Theory) = 5.4 + 0.4

N events‘n G eV

4/

CDF Run 2 Preliminary 202/pb

TIITT T[T AT T[T rirr rrrrg

# 69 candidates
DZHH vMC +BG 1

DJet—> +BG 3

0 1IJ ZIJ 3l] 10 SIJ 60 70 Bl]

1/04

photon E; (GeV)

—_
(=)
L L

35_||||||||||||||||||||||||||||||||||

N, (10 GeVic®)
T

L L T [0
%5 1 15 2

253
A R(near,;,

CDF Run 2 Preliminary 202/pb

L}
h
T

[£%]
=
L

]
(=)
LI LI B B B

- —
(=) wn
TTT T T [TTT

wn
TTT[TTT

FTTT I T[T [T T[T [T [ TIT[TIT[TIT[TTI[TTH

Now V+y cross-sections well established, we are:

 optimizing sensitivity to anomalous coupling

and new physics

* testing the Standard Model in
ways unique to the TeVatron
(e.g. observing RAZ in
W y production)

nﬂ 20 40 60 80 100 120 140 160 180 200 220 240
w7

(GeVic)

> [
(’
2ﬂl E

er

10 &
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Excited electrons

Observation of excited states of quarks
and leptons might confirm the
hypothesis that they are not
elementary particles , but composite
states

CDF searched for excited electron (€")

using high pt electron data (L=200 pb)

« Select events with eey in the final state
» Look for resonance in M(ey)
« SM backgrounds :
Zvy + DY, Z+jets, WZ, Multi-jets, y y +jets, ...

M./ A

08¢+

06}

04}

0.2}

CDF Run Il Preliminary
J.L .dt=200pb ™

95% C.L.
Exclusion Region

200 400 600 800
M,. (GeV)

At Tevatron, € can be produced via contact
_interactions or gauge mediated interactions

fL -dt =200 pb”
3 ‘ ‘

— CDF Run |l Preliminary
v ‘-'> | ——CDFRunlI
@ 10 [ ......ZEUS (1994-1997)
L)
— [ H1
<
—
¥ 10
q e
r4
e S
10
q e [Fefer
107 b ‘
100 200 300 400
M,. (GeV)
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Excited electrons

run 1147806 event 1167222

*Could be ZZ event! 20
)

uT 40

20

MET=13 GeV

M(el-pl) =92 GeV/c?

M(e2-p2) =91 GeV/c?

4/1/04 Simona Rolli, Fermilab W&C seminar

Et(e1)=44 GeV
Et(e2)=42 GeV
Et(p1)=46 GeV
Bt(p2)=26 GeV
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WW

Events/20 GeV

] e N [ { W
Further step towards limits on 1
anomalous WWZ, WWy . - ( W
coupling

# T'wo 1solated 1{_]_:-*2{} CieV leptons (e or 1) .

<= Tight lepton selection complemented

by lepton + tracks selection
## Remove events consistent with 2 decay. ‘ Missing Transverse Energy

# Missing—E_=> 25 GeV.

i Remove top background by requiring no E ® CDF Il Preliminary 200 pb’
additional jets. Sk N WY
it Remove fakes by requiring opposite sign, % I e
i 16 - + WW (measured )
COF Run Il Preliminary - Dilepton Mass | [ —e— CDF || Data
F Larger fakes [
E o o N <1
8 contamination and F jet =
= uncertainty S|
o . :
5‘— DD = .20 40. . .60. . IBID. . .100. l .120 140 16ID 18I0. . .200
E MET (GeV
a4
= [ L Oww = 19.4 = 5.1 (stat) + 3.5 (sys) = 1.2 (lumi)
1Mz B oW — 14.3130 (stat) + 1.6 (syst) + 0.9 (lum) pb
ET-.L ity LMLJi-L'i_i"fi.l,J_u_“'l'J_'!_,- M e
0 20 40 60 80 100 120 140 160 180 200

Dilepton Invariant Mass (GeV)
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P s

WW

t

wissing Ener?Y
M
(«f

vV

--.'

m = ¢ll channel has hittle Standard Model background
= Signal/Background = 4

C

Run 1556364 Event 3494801 : WW — ety 5, Candidate
prie) = 42.0 GeV/e; pr(p) = 20.0 GeVfe; M, = 815 GeV

Fr =64.8 GeV; ®(fr) =16

A®(fr ,lepton) = 1.3; Ad(e,u) = 2.4; Opening-Angle{e, u)=2.6
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SUSY searches in diphoton + F;

GMSB scenario
NLSP = %, — vy G PP —=( X =) x0y %% mmmp |2y+[E,

Sample selection (84 pb1) A (TeV
e 2 central photons E; > 13 GeV 50 55 60 65( 670) 75 80 85
e cosmic rays and beam halo rejection y T

=| Missing Et Spectrum :
CDF Run Il Preliminary (84 pb

CDF Run Il Preliminary (84 pb™)

10 o _
E ET>13, In¥l<1.1 §1 R S ,95/°C.Lhm't. ............... ®
0 100 e Data - C
& Jet background o -
=10 W oy o [ ?‘ofaﬁg
kr M ey background X i

1 o

Neutralino NLSP
in the yy+E; Scenario

1 1 I I I L
220

120 '140: 160 180 200
Chargino Mass (GeV)
For Missing Et>25GeV
Expected background: 2+2

——— > | M(C,) >113 GeV @ 95% C.L.
Observed: 2
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Jets

Jets:
energy deposit in

Nn-¢ cone
m| < 3.6
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Search for Mass Bumps in Dijets (iﬁ;‘

QU\}/%//

7 £
= Inclusive jet samples Prob 06569
3 p0 1.31e+16 £3.502e+15
= MET/ ZE; < 6 and 2E < 2.2 TeV 0 . ot gt || 02753 201108

-
o
e

p3 5.659 £ 0.05742

v 2 highest E; jets selected

= fit of the mass spectrum with a
simple background parameterization
and search for bumps comparable
with the mass resolution.

-

CROSS SECTION (pb/GeV)
S o 3

CDF RUN 2 PRELIMINARY

=y
o
s

e DATA(Sph™)
PARAMETRIC FIT —.b\
|

1 1 1 | 1 L 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 L L L
200 400 600 800 1000 1200 1400
DIJET MASS (GeV)

-
[=]

Highest mass event

no significant evidence for a new particles...yet

Run 152507 event 1222318

cos g*=0.30
z vertex = -25 cm
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Search for Mass Bumps in Dijets

200<M<1130

200<M<760

280<M<420

300<M<410

260<M<640

ExtraDimensions

CDF Run Il Preliminary (75 pb™)

2 0.3 e —
E Randall-Sundrum Graviton
=
o 95% CL Excluded Region
§-0‘25 [ in dijet decay mode ]
S
0.2 - ,
Q.15 = —

Excluded:
220<M;<840 GeV
(k/M,= 0.3)

R B . Ll ! Ll
9200 300 400 500 GO0 700 800 90C
Graviton Mass (GeV,/c?)

Q.05 -

P adoe a

) bl \’( ) Wissie
Ph . N
) A /O/ o

Search for New Particles Decaying to Dijets

10* g

0.8 {pb)

——
CDF Run 2 Preliminary (75 pb™")

-"._ Axiglucn or Coloron =
= / 200<M< 1130 GeV Excluded 3
e Excited Quark ]
.‘n_ 200<<M <780 GV Excluded
T Color Octet Technirho

~.. ZH0<M<E40 Gev Excluded

L .
SO0<M<410 GoV Excl. 5 ey -
1 E g, piquark 4:3‘-» “ 3
ZA0<M<420 Gav Excluded """-..__ ""'\1:7
» & 95% CL Upper Limit "'\-\. B
19 Imel<2.0, lcost<2/3 e E
N R B S R A B B T - . R
200 300 400 500 600 YOO 8OO s00 10D0 1100

New Farticle Mass {GeV,/c*)

Complementary to dilepton search

0.1

CDF Run II Preliminary (200 pb 71)

Randall-Sundrum Graviton
0.08 95% C.L. Excluded Region

in dielectron decay mode

& 0.06 |

k/M

0.04 |

0.02

k/Mp,

200 300 400

500 600

Graviton mass (GeV/c 2)
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04 CDF Run Il Preliminary

p.og- RS Graviton Model
95% C.L. Excluded Region

Dimuon Decay Mode
0.08f

0.07

0.06 JLdt ~126pb™]

00350 300 350 400 450
Graviton Mass (GeV/ cz)
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Leptoquarks

Several extension of the SM model (GUTS, Technicolor, Compositeness, RPV-SUSY)
assume an additional symmetry between leptons and quarks

Carry both lepton (L) and baryon (B) numbers

: 3 generations
Couple to quark and lepton of the same generation

5 _ At the TeVatron they are r
i il pair produced L
basp Their decay is controlled e e % 5’
- by p = BR (LQ—Iq ) | g Lq &Mﬁ-..,.ﬁy{_‘
ot S A ‘

| | |
‘200‘ ‘220‘ : ‘240‘ ‘ ‘260‘ 280 300

Experimental signature:

R high P isolated lepton(s) %, 5 "
30% increase in and/or g7 + 2 jets p bt
cross section at Runll - 4
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1st generation LQ &ﬂ

7 E

Search For First Generation Scalar Leptoquarks
¥,

124GeV/c?

135 Gev/c? (B =0.

161 GeV/c?

4/1/04

Branching Ratio B

CDF Run I Pr!ellmmary.72pb1

o A 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
100 120 140 160 180 200 220 240
Leptoquark Mass (GeV/&)
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2nd generation LQ

Signature: 2 muons and 2 jets f =BR(LQ—uq) =1

Tight u's selection complemented by u + track selection

Background: )

Z + 2 jets expected 3.15 = 1.17 p; R B e
top : - . ﬁ._ 1 = \ Theaoretical Cross Sections, Phys Rev Lett 79, 341, '97  —
o r o CTECAM. Q=M =
QCD fakes = CTEQ4M. Q=05.2M i

b \

\ CDF upper limit, 95% CL
2 events seen after analysis cuts i g o E
| Search for 2 " Generation \

Scalar Leptoquarks, p=1
10° = M, > 240 GeV/c?
[
[
I

|- | | |_|_| 1 | | - | L1 |_t| J_J | 1| | |- I |- | I
160 180 200 220 240 260 280 300 320

Leptoquark Mass (GeV/c?)

—_I_I_I_I_l
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LQ search in vvjj

Signature: Large MET and 2 jets

CDF Run Il Preliminary

5

=BR(LQ—>vq) = 1

> f
f:f sof- [Lat-rorpo Sample Composition:
% 403— —— Data W/Z . Jets
L% [ ] QcD prediction top
30f- ] +SM EWK/ i prediction QCD fakes
- B LQ(m=125GeV/d)
20
; Expected =118+14
10
o- IR e : 1 R VRN R

50 100 150 200 250 300
Missing E | (GeV)

124 events seen after analysis cuts

o x (1-B)(pb)

w

CDF Run Il Preliminary (191 pb '1)

10°N

............. CTEQ5M, Q=m(LQ)

78 - 117 GeV/cé

CDF Upper Limit, 95% CL

Theoretical cross section (PRL 79, 1997)

CTEQ5M, Q=0.5m(LQ), 2m(LQ)

L L 1 1 | L 1 L | 1
80 100 120

|“."1 | I 1 L
140

Leptoquark Mass (GeV/cE)

4/1/04 Simona Rolli, Fermilab W&C seminar

33



Top Quark

Pair production via strong interactions
Central, spherical events
Large transverse energy
High P isolated leptons (tracks)
Heavy-Flavored Jets

0.88:0.11 pb

b

EW single-top production,
x2 smaller rate, not (yet) seen

> - q 4

SM

W 1.98+0.24 pb *

h

4/1/04 Simona Rolli, Fermilab W&C seminar
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Top Data Samples

W'’s decay modes used
to classify the final states:
dileptons, lepton + jets, all-hadronic

| B(t—>Wb) = 100%

Event count per jet bin

~

o e-e(1/81)

O mu-mu (1/81)
® tau-tau (1/81]
He-mu(2/81)
m e -tau(2/81)
E mu-tau (2/81)
o e+jets

= fnu+jets(12/8

1)
m tau+jets(12/8

)

1)
O jets (36/81)

£, CDF I Praliminary 200 55" Samples are defined by counting leptons and jets
gm — WW+WZ+2727 . )
3 + DrekYan Cross section results validate
. e ot top-enriched samples
0 E ——— + can also point toward new physics
S i 2

Jjet

4/1/04 Simona Rolli, Fermilab W&C seminar
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Top Dilepton Cross Section

y

&

s &

Small sample but very clean for top signal: 2 leptons, 2 jets and E;

—-
[o2
o

), deg
g

r

-
N
o

100

[e2
o

AG(MET, closest |l or j
5 g

N
o

s
>
o

0 L 1 1 1 L 1 1 1 L
0 20 40 60 80 100 120 140 160 180 200

MC
® ee DATA|
CDF Runll M up DATA
Preliminary " DATA
en
[ |
¥ ¥
| ¥
¥ . ¥¥
|
¥
X ¥

MET, GeV

*

Tight e/u selection
complemented by

e/u + track selection It is sensitive to T lepton final state

Lepton + track sample has looser
ID requirements for second lepton

4/1/04

CDF Run Il Preliminary | L dt = 193 pb™ Dilepton Invariant Mass

- Missing E;

—_
£
=2
>
[}
Q
wn
o,
@
=
[
>
@
u—
°
1)
[}
£
E
-
=

CDF Il Preliminary 200 pb"

= WW+WZ + 727

= +Drel-Yan
. lepton fakes
vz = + fakes

Zow [ — +1tf (measured o)

N 2 2

« Data
Pic=57pp)

. DY ee, upn

-
(=]

Evants / 25 GeV
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Heavy Flavor jets: tagging tools

B hadrons in top signal events

ertex of displaced tracks Identify low-pt muon from decay

displaced
tracks

Secondary
vertex

e or [Lin jet

Prlmary 7

vertex e
A=="p
e b— fuvc (BR ~ 20%)
e b—c—flus (BR ~ 20%)

prompt tracks

55% Top Event Tag Efficiency 15%
0.5% False Tag Rate (QCD jets) 3.6%
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Cross Section Results using Tagging

Counting experiments with vertex tag and soft muon_ tag in 3,4-jet bins

/ \

CDF Il preliminary

C I B mistags I 7] W+ =3 jets CDF Il Preliminary
160 3 Whb E b B memerie  Barerlcnzsasrueaa
] Wee s
o I non-W ]
s I We - ®
2 I WWWZ,Z—tt . S
3 [T Single top ] T
o “E3): Tot bkgd £ 1o ] 3
g e Data(162pb’) J =
— 8 ] 5
[<] E ] s
F= 7 =
E L ] 2
3 40 B require Hy > 200 for > 3 jets_J 3
200 s T
0 - | | = 0
1 2 3 = 4 0 50 100 150 200 250 300 350 400 450 500
Number of jets In W+jets H; [GeV]

Backgrounds estimate in the lepton + jets sample carried on:
» using data as much as possible (non-W QCD, fake tags)
= using MC calculations for diboson and W + heavy flavor
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Kinematic Fits to Lepton + Jets Sample

1 high p; lepton(e,u) This signature suffers from large
_ W+jets background. Isolate signal
using kinematics before and after
=3 central jets tagging

CDF Preliminary (195 pb-1)

20 ' CDF Run Il preliminary (~108 pb-1)
0 8 [ T % W+3 or more je‘s ff + BKG
Njet 24 f T o i {f (Herwig)
- [ [}
16 top - ¢ R BKG
L . W+jets E . (from data)
,,g 12+ I other EW E A
> b~ y
® 8t : 3 \
) }
| 'E , -,
4r = 1 Sq\ ]
| = -
0 L] 0 =50 40 60 80 100 120 140 160 180 200
0 100 200 300 400 500 600 Leading jet Et(GeV)

HT (GeV)
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Lepton + jets: NN results

ttbar and W+jets kinematics
differ modestly, but do so in
several different variables.

Develop a neural net

Statistical and systematic uncertainties
improved compared to single-variable fit.

No b tagging information is used

to use this
information optimally. a0 | CDF Preliminary (195 pb )
L s dbar: 176+l
|Predicted NN output (195 pb™)| g 7031 | —— &b ocD: 6.3 + 5%
] Wijets 76.0 +17%
Njz3 ttbar 19.0% 601 ‘ ? ’ Nj= 3
50! W+3p 63.6% ‘
g other ewk 11.1% * 505 ‘
Good separation 40, |,
between signal 30 |
d back d Lo
and backgroun 2o ] | ot
] e |
-> 10| T l | 4
c’j T T T T T T T T
0 0.2 04 0.6 0.8
0 NN output
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Hadronic top

Signature: six jets, 2 tagged
Large QCD background

Kinematical selection of the sample o

complemented by b-tagging of at least || 2=
one jet 2 o0l
o
Cross Section is a function of the 120
number of observed tagged jets 100
sol

sor — & Bckg

ObservedTags — Expectedlags a0 .
Glt_ - ave + 5 201

gkgtag L 0_—?— | | |
4jets 5jets bjets >=7jets

b-tag

Kinematics
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CDF Top Cross Section Summary

Top Production Cross Sections

1 m=175 GeVier

- CDF Run 2 Preliminary P
, . -1
— i Thn D 165 pb 7.8 =+ 2.5(stat) *47, .(sys
: Lepton Tug (PO 41740 , o(stat.) £ 1.9 (syst.)
““““ s: Vertex Tag 162 pb-1 5.6*1-2_1_0(stat.) +1'0_0_7(Sy8t.)
""" ets: Vertex g + Kinematic 162 pb- 6.0*1-5_1_8(Stat.) + 0.8 (syst.)
s nenaie 195 pb”
""" 195 pb”
epton + Track 202 pb"  16.9%27, (stat.) £ 1.3 (syst.)
: . Lepton + Lepton 193pb7’  8.7+39, (stat.)+ 1.5 (syst.)
0 2 4 6 8 10 12 14
o(pp — 1) (pb)
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Cross Sections Ratio

»

&

Cross-section values assume t—Wb always, never t—Xb.

Ratio of measured o’s (R,) tests that assumption:

— Should be unity
— tests consistency with SM

Many systematic uncertainties cancel

Independent of theory value of theory input (PDF’s, m,)
Sensitivity to non-SM decays of top, e.g. t =H*b,
Different tan p gives different mix of Il/lj

4300

4000 £
390 E

3000 F

2500

2000

1500 F

1000 £

=00

D:
-1

Expeded dlslrlbutlnn [ cmssser.llun ratlo |

b ' J naf ' 201.?;12?5
Constant 4205+ 8.71 9_
Mean 1452 + o_oozraa—i
Sigma 08415+ 0_005934‘;

CDF Preliminary

I 1
[a] 1

1 1 | 1 T -
2 3 4 ] 5 7 2 9

Probability distribution for R
0.46 <I:{0 < 1.45+0'83_0_55 @ 950/0 CL
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o
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o
~

95% CL upper limit on
o o
) o

I
~

o
w

Runil

- Preliminary.-

A»

A,
A
'Vv¥

a»
<>

A Aig
vy

0.2
0 02040608 1 12141618 12
b~
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3

4
En'

-

.

Lower jet multiplicity

=

ALY

The 2 jets bin is an interesting sample
Single Top (constraining Vy, )

Higgs
Exotics

CDF /DO Combined in WH —> lvbb

800 | iviaisialion
B Dotoin 15/fb
++*+++ """ _""‘-Lfti)t;}‘?:ckground

Large (QCD) background wp 17 e
Small cross sections + i —WH(120)

a0l 4 4 i' d

+ 1'1,#'*1 i'
a00f o :Tv * a

44
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2 Jets Bin: Single Top Cross Section

Final state is W + exactly 2 jets CDF Run Il Preliminary

Tag one b jet 27_' ' [Entries 28
E 6f — single top
Search strategy employs 2 — i ]
=Likelihood fit to H; (combined search) =p oy -
=|_ikelihood fit to b Q*n (t-channel only) s « Data =
I =Q of lepton, n of light quark jet af E
\ 4 X
0.24 T ! 15 \ ‘ E
% 0.22  cDF Run Il preliminary :gi:t:%nnr:il = ]
= 0.2 i = .
5 018" R %100 150 200 250 300 350 400 450 500
Som T E : W5 R
5 0.14)
g 012 Observed as many events as expected
-E 0-1_
ppped Cross section limits at 95% confidence level:
ool | Combined search: o < 13.7 pb
03 2 a4 o T2 3 T-channel search: 6 < 8.5 pb
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Ph

2 Jets Bin: Higgs Search

Events / 10 GeV/c’

Cross Section (pb)

—

—

AL

10p . J5 =1.96TeV ] pp—> WH — Ivbb
Selection:
0.1 eHigh pt lepton data
ZH eOne high pt central e or u, large MET (MET>20 GeV)
o2 jets (at least one is tagged as b-jet)
100 120 140 160 1é0(G'w2;)>0 eVeto events with >1 lepton (suppress ttbar)
IllEI ev/c
CDF Run Il Preliminary (162 pb™)
2 [ * W42jets (Data)
= WH (m,=115GeV/c’)

0 : ?ogeésit?cg‘s?oﬂ%rygv AR i

; oo eMistags
g [

: *\Wbb, Wcc, Wc
6L  oll ¥ o mean = 107.85 + 0.25 GeV/c’

: width = 18.69 + 0.25 GeV/c 'QCD S/ B=0.054
4l

: e tt, single t, di-
f Lt} | boson, Z(—tt)
N .

0 50 100 150 200 250 300 350 400 450 500
Dijet Mass (GeV/c’) _
4/1/04 Simona Rolli, Fermilab W&C seminar 46



Higgs Search (cont'd)

CDF Run Il Preliminary (162 pb ")

Future improvements :

Include forward electron
Improvement jet energy resolution
Improve b-tagging

Combine with other channels

o)
Z
|?10 2 ‘T‘——————L I
T S
rol Y S— .-
0
X
T
§ 1k B W+2jets (Data)
o f e Standard Model
i v Pseudo Experiment
(mean and rms)
10_1 L .\.\O\
110 115 120 125 130

Higgs Mass (GeV/c’)

Improved limit over Runl, but sensitivity
of current search is limited by statistics

CDF PRELIMINARY Run 1
N ——
95% CL upper limits -

o L T T e e e e e e e e e e e e o

10 | vwbb -]

5(pp—VH)xB(H—sbb) (pb)

VH combined

LEP EXCLUDED

I I ! I | L I M| I L L L L
920 100 110 120 130
my (GeV)
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Top Mass Measurement Challenges

Many combinations of leptons and jets: which one is correct?

=Choose assignment kinematically most consistent with top

=Use all combinations, but weight them

en 13—
Link observables to parton-level energies
« Accurate detector simulation vital to

precision physics measurements
« Large systematic uncertainty from energy scale

0.7

Traditionally, likelihood fit methods have
been applied: data is fitted to most likely

mass template from Top MC

_B=P™Pt"™ = (2+<APIF>)/(2-<APIF>) | R=0.4

125

1P
0.9

0.8F

0.5b

0.6

— jétSD déta 5.3:.1pre2:

- ................ +— dijet50 MC 5.3.1pre2| .........

-3 -2 -1 0 1 2 3

Currently we are exploring the possibility of adding event kinematic
information, possibly including matrix element information
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Top Mass Results: template fits

Events/(15GeV/c?)

-1
22 vertex-tagged events from lepton+4 jet sample 6 dilepton candidates in 125.8 pb-

CDF Run 2 Preliminary (108pb-1) : : —
S;me —— Underconstrained kinematic fit
73— 20 For each lepton-b pair assignment
C S\gnaHBkgd ! 2k
6; i Calculate best raw mass, from
5; E::: Bkgd only (6.5 evis) 1? t b bI b. t.
= most probable combination
:: ; el S Fit to signal and background templates
25— : 1.8~ - ;E‘
13 ~ - L6 /\ £
: % Q2 / )
§0~100 120 140 160 180 200 220 240 260 280 31_4? / \ TN
Reconstructed Top Mass, Tagged Events (GeVic’) P Ij_ f«" \\x_ e st
5 F O T 1 \ [ CDF Run Il preliminary
. . . . > u /
Reconstruct m, via kinematic fit 5 08 | S ey, = 50en
H t P . 3 5 06 | \ © DATA
Choose single combination with best g
x? from over-constrained fit 2 0'2/ \
Compare to templates from e R e e
»Top signal MC Mass / GeV
»Backgrounds (fixed relative) _ 2
Mo, = 175 = 17(stat.) = 8(syst.) GeVic
— +12.7 2
M, = 177.5 75 (stat.) £7.1 (syst.) GeVic

4/1/04 Simona Rolli, Fermilab W&C seminar 49



New Run I mass combination

Old D@ top mass average: 172.1 + 5.2(stat.) + 4.9(sys.) GeV

New D@ top mass average: 179.0 + 3.5(stat.) + 3.8(sys.) GeV

x2., = 2.6 for 4 degrees of freedom: 63.2% probability.

Experiment | Measurement | Pull# | Weight [%]
CDF leptons+jets —-0.32 222
N 6 di-leptons —1.01 71
a2 — All data, with old
= — . world-average M, all-hadronic +0.75 6.9
5 -._. :lé ::E::;g gmp DJ leptons+jets | 4+-0.66 57.8
4 | Bl I'heary uncertainty di-leptons —0.80 6.0
New Higgs mass . #PUll: (2; — 7)//oF = oF
constraint 3+ f
_> 2
0.20
1 | Flegiudn ; -
exXcliude 5?
{ by areot My = 1171 GeV
0 searc}':es : | |
20 100 400 or < 251 GeV (95% CL)

Higgs Boson Mass [GeV/c?]
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Dynamical Likelihood Method

For i-th event M; Prod,decay,propagator

- 2t 2
LM,,)= [3 3 2 |M[ F(z.2,)f (p,w(x.y,:)dx

combnsol F h{x
M : Matrix element of tt process, [ : Parton distribution function (Z£,,Z,)
f(p, : Probability for the Pt of tt system.
w : Transfer function, x: partons «— v ; observables

d® : phase space volume ; assume that each final state parton
occupies a unit phase volume(they are already observed!)

Three Summation/integration :
v, solution(2) , possible combination and parton momentum generation from
jets by MonteCarlo(Random) along the transfer function|

[1£M,,) — ™ =Mmm

cvent (Maximum likelihood)

To obtain M,,,, top
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Results £

Newv

AL

22 tagged |+4 jets events
Event Likelihood distribution: L, = [Z'(M)dM

| Eventlikelihood (MC vs Data) |

data 22 events

] signal +hackgroundMC) 18

5 W Signal ithar(MC) ]

1 W combined backeroudMC)

;c ¥ Datall events 16;

5 £ o 1T6508GeVid
& Agreement is quite good! 5

2 . Data is well understood by MC Y

: :

iy T : Minimization >

log(Likelihood) 166 1687170 172 174 176, 178 180 182 (84
M, (GeViE)

More likely background!?

Further corrections to the transfer function
(expected bckg, template mass) are applied

More information
_ : = +4.5 (
Less statistical uncertainty Top 177 -5.0 'kStat) + 6.2 (SyS)
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Backup Slides
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COT aging issues

What does "COT Aging” mean?
* Drift chamber aging

— Decline in operating performance with time
— More specifically, loss of gain under irradiation
— Usually caused by deposits on wire surfaces

« How do we detect aging

— Loss of gain means less charge — shorter pulse widths
— Decrease of COT hit widths, COT/XFT efficiency
— Small chambers directly monitor gas going to chamber

 Detalls:

— http://'www-cdf.thal.gov/upgrades/cot/aging committee.html
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Silicon tracking efficiency

-Sample of muons from J/psi's Silicon Efficlency |
*Track is in fiducial volume g

3 SVXII layers needed E ettt L
*Top two curves are axial and T 0_95"”’ +ﬁi+ .
stereo acceptance (ladders alive) § i+ |+t
*Bottom two curves are efficiency E +

*3-hits define a track (5 layers total) 0.9
*3-D uses available stereo(2) &
Z(S) Strips :-1H'LL| | l
-Ratios provide rating for pattern 0.85 4T =TT
recognition | t I
1 1 S S N N
2 3 4 5 6 71 8

Muon Pt {GeV)
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-Negative impact parameters define
possibly mis-measured tracks
-Fakes beyond 3 sigma plotted
-Triangles have stereo information

Much better than Run 1

Rate of mis-measured tracks

| Sllicon Fake Rats

o
o
NS

'II'-‘

-

E

g
Q
=
th

1| *

. +T

Slllcon Fake Rate

0.01

0.005-
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«Z->ee central+plug

Forward Tracking efficiency

: : E 8 | | « Combined
» plug energy is denominator S, O7F s . %
L Tt :
| SL+SVXII only @ 06 —x—+ = G
. % 0.5 » 1 e
Two 3-D hits & vertex seed I . "
silicon track (SISA) £ L
4] n.al :{1 +
. o o
*Ol seeded by COT hits 2 ‘
*|O attaches COT hits to SISA 01l ' -
L r i W :
ﬂn'__.!_ =i _I L I B S N v Ly
1 1.2 1.4 1.6 1.8 2 2.2
1
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(W)

& Standard Model

—8— World Average (RPP 2002)

fircludes Bun I rerufrs)

(from K}
—&—  GDF Il combined
—8—  GDF ll{e)
—a&—  GDF li{u)

prefiminary

ffrom K]
—&— D0 la+b{e)
—e—  CDF la(e)

e UAZ2(e)
o UAT (e+p)

1.8 1.9 2 2.12.2 232425 2.6 2.7 2.8
(GeV)
L'(W)
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Run 1 Dileptons

Run 1 dileplon data (109 pb'l,l

o
= 4
rd
- B » 22
g
T LI
D s w oo
==
-
]
= L
= -
&
H L
E L
f.:i -
15 -
S L
<1 |
i =
. =a * 2
l— = * K
o
N +*
=
L EEN .
- - " [
ﬂ-.'.ll|'l-llll'|II!IIII:I*I|III|I
Ly <0 Sy 0 o BLi o] ‘!i:‘.l..' lqu
Mussing B (GeV)
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*Events at large missing ET

+Study run2 sample

AO(MET, closest | or j), deg
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Old Higgs mass limit from My,

Mip = 174.3 £ 5.1 GeV
logMy = 1.98%0%

My = 9615 GeV

or < 219 GeV (95% CL)
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Z' limits
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